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In this chapter we will discuss about slot optical waveguides analysis using finite difference 
time domain (FDTD) algorithm. SOI slot optical waveguides invented in 2004, by Lipson at 
Cornell nanophotonics center [1], and experimentally demonstrated by them in forming 
complex nano-structures [2]. Nanophotonics group at Cornell surprised photonics 
researchers by discovering structure geometry; where light can be confined inside low index 
slot region due to electric field discontinuity. 
The name slot waveguide comes from its physical shape i.e. a low index slot surrounded by 
two high index slabs. Slot waveguide structure has gained significant interests and 
importance due to its potential applications in nanophotonics especially light on chip 
circuits. In most basic single slot waveguide structure a high-refractive-index material is 
used to guide light through a low-refractive-index material. The waveguide structures are 
capable of guiding and confining light in such a way that very high optical intensity is 
obtained in a small cross-sectional area or gap filled with any material of sufficiently low 
refractive index, relative to the remainder of the structure. (Figure 1 is a top view of a slot 
waveguide structure) 
 
Fig. 1. Basic single slot waveguide structure. 
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Referring figure 1, the slot waveguide structure comprises of slabs (No.2 & 4) having high 
index of refraction and a slot (No.3) formed in between, which have a relatively low index of 
refraction. The cladding region (No.1 &5) comprises of low refractive index material or same 
material as used for the slot region. The analytical solution for the transverse E-field profile 
Ex of the fundamental TM Eigen mode of the slab-based slot waveguide is [1]: 
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H is the transverse wave number in high refractive index slabs.  is the field decay 
coefficient in the cladding.  is the field decay coefficient in the low refractive index slot 
waveguide. The constant A can be narrated mathematically as follows [1, 2]: 
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A0 is an arbitrary constant.  is the vacuum wave number. Figure 2 below displays 
e-field distribution in a basic single slot structure.   
 
Fig. 2. High confinement of light in low index slot region. 
 
The structure provides strong confinement in low refractive index materials, which rely on 
the discontinuity of the electric field perpendicular to the interface between materials with 
low and high refractive index. In such a case, the strongest electric field amplitude lies in the 
material with low refractive index.  Due to the large index contrast at interfaces, the normal 
electric field undergoes a large discontinuity, which results in a field enhancement in the 
low-index region. If refractive index of slot is denoted by nl sandwiched between two slabs 
(refractive index denoted by nH), e-field enhancement in low-index region is of the order 
of 2 2H ln n . In order to measure the optical field confinement, the optical confinement factor 
can be defined as the fraction of power confined and guided in the interested regions [3]: 
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Where E and H are the electric and magnetic field vectors. The integrals are calculated inside 
the interested regions and the entire cross section regions. Optical field confinement in this 
chapter has been calculated based on the theory [1, 3]. Simulation of slot waveguide 
geometry leads to high confinement of light in low index slot region (figure 2 shows high 
confinement of light in low index slot).  
Experimental demonstration of guiding and confining light in low index waveguides by 
Lipson [2], led other researchers to demonstrate slot waveguide based complex structures [4, 
5]. High power confinement can also be achieved in asymmetric slot waveguides [6]. Power 
confined inside slot structure can be optimized by adjusting the geometry of slot and slabs 
[7, 8]. N. N. Feng demonstrated slot waveguide coupling capability with conventional 
waveguides [9]. Barrios, and Passaro proposed slot waveguides for sensing [10, 11]. Beyond 
single slot structure people are interested in multiple slot structure confining optical field in 
nanometer-thin low-index media with very high optical confinement factor [3]. Slot 
waveguides capable of confining high intensity electric field hence became an interesting 
topic of researchers to simulate and demonstrate nonlinear slot structures [12, 13]. Other 
than dielectrics, slot waveguides had been demonstrated by Lipson and Atwater in metals 
as well [14, 15]. While exploring characteristics of single and multiple slot structures, 
comparable light confinement in low refractive index contrast slot structures have been 
demonstrated [16]; a novel photonics displacement sensor based upon multiple slot 
waveguide structure has been proposed [17]. 
 
2. Slot Structure Analysis 
 
As mentioned earlier, in a slot structure electric field discontinuity at the boundary between 
the high and low index regions results in high E-field confinement inside low index slot. Slot 
waveguide structure had been simulated using OptiFDTD simulation software from 
Optiwave Company. Finite difference time domain method (FDTD) uses a brute force 
discretization of Maxwell’s equations. The structure is discretized using a uniform grid and 
the derivatives in Maxwell’s equations are replaced by finite differences. The grid size used 
is very important, a small grid size is required to get accurate results. However using more 
grid points results in longer calculation times. The grid size also imposes an upper limit on 
the time step that can be used, because of stability requirements. FDTD can handle almost 
any 2-D or 3-D structure (in theory), but computation time and memory requirements limit 
the size of the problem that can be handled. It has been explored by us that 3dB waist of 
input plane and mesh size has a profound effect on the output. Hence it was decided that 
for the nanosize slot optical waveguide analysis using OptiFDTD, a grid size of 10 nm is to 
www.intechopen.com
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Referring figure 1, the slot waveguide structure comprises of slabs (No.2 & 4) having high 
index of refraction and a slot (No.3) formed in between, which have a relatively low index of 
refraction. The cladding region (No.1 &5) comprises of low refractive index material or same 
material as used for the slot region. The analytical solution for the transverse E-field profile 
Ex of the fundamental TM Eigen mode of the slab-based slot waveguide is [1]: 
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H is the transverse wave number in high refractive index slabs.  is the field decay 
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Where E and H are the electric and magnetic field vectors. The integrals are calculated inside 
the interested regions and the entire cross section regions. Optical field confinement in this 
chapter has been calculated based on the theory [1, 3]. Simulation of slot waveguide 
geometry leads to high confinement of light in low index slot region (figure 2 shows high 
confinement of light in low index slot).  
Experimental demonstration of guiding and confining light in low index waveguides by 
Lipson [2], led other researchers to demonstrate slot waveguide based complex structures [4, 
5]. High power confinement can also be achieved in asymmetric slot waveguides [6]. Power 
confined inside slot structure can be optimized by adjusting the geometry of slot and slabs 
[7, 8]. N. N. Feng demonstrated slot waveguide coupling capability with conventional 
waveguides [9]. Barrios, and Passaro proposed slot waveguides for sensing [10, 11]. Beyond 
single slot structure people are interested in multiple slot structure confining optical field in 
nanometer-thin low-index media with very high optical confinement factor [3]. Slot 
waveguides capable of confining high intensity electric field hence became an interesting 
topic of researchers to simulate and demonstrate nonlinear slot structures [12, 13]. Other 
than dielectrics, slot waveguides had been demonstrated by Lipson and Atwater in metals 
as well [14, 15]. While exploring characteristics of single and multiple slot structures, 
comparable light confinement in low refractive index contrast slot structures have been 
demonstrated [16]; a novel photonics displacement sensor based upon multiple slot 
waveguide structure has been proposed [17]. 
 
2. Slot Structure Analysis 
 
As mentioned earlier, in a slot structure electric field discontinuity at the boundary between 
the high and low index regions results in high E-field confinement inside low index slot. Slot 
waveguide structure had been simulated using OptiFDTD simulation software from 
Optiwave Company. Finite difference time domain method (FDTD) uses a brute force 
discretization of Maxwell’s equations. The structure is discretized using a uniform grid and 
the derivatives in Maxwell’s equations are replaced by finite differences. The grid size used 
is very important, a small grid size is required to get accurate results. However using more 
grid points results in longer calculation times. The grid size also imposes an upper limit on 
the time step that can be used, because of stability requirements. FDTD can handle almost 
any 2-D or 3-D structure (in theory), but computation time and memory requirements limit 
the size of the problem that can be handled. It has been explored by us that 3dB waist of 
input plane and mesh size has a profound effect on the output. Hence it was decided that 
for the nanosize slot optical waveguide analysis using OptiFDTD, a grid size of 10 nm is to 
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be used along x- and y-axis. However grid size in z-direction can be changed to get quicker 
results, it does not have profound impact on results. Sources are placed inside the 
waveguide to excite the waveguide mode and detectors are placed above to detect the 
output signal and power. Appropriate boundary conditions (e.g. PML) are used to avoid 
reflections at the boundaries of the computational domain and model open structures.      
In a basic slot waveguide structure cladding, substrate and slot are of fused silica, whereas 
slabs comprising of silicon. Slot structures are ignited by placing a continuous wave (C.W.) 
input plane of m wavelength, direction of flow is in z-axis. Three observation planes 
had been placed at a distance of 0.5 m, 1 m and 1.5 m. The observation planes were 
centered with the slot structure center in x-axis and y-axis. E-field distributions in spatial 
domain are shown in figure 3. 
E-field distribution at respective propagation distances had also been checked, a combined 
plot at different propagation lengths is shown in figure 4 below. It was found that E-field in 
slabs and cladding for a propagation distance of 1 m and 1.5 m is at a monotonous 
decrease then at 0.5 m distance and seems more stable. Hence in order to get stable results, 
it was decided to propagate signal for longer distance. 
  
 
Fig. 3. E-field distribution in slot structure at different propagation distances. 
 
However OptiFDTD ver. – 5.0 has less memory and longer simulations made the memory 
buffers overflow, hence most of those simulations crashed unanimously. 
 
Fig. 4. Modes for single slot structure at various propagation distances. 
 
Power confinement factor in the slot structure has been checked and found in accordance 
with the previous work [1].  
In an extended check of power confinement factor in slot waveguide structure, the refractive 
index in slot region varied from 1.44 till 1.50 with a step size of 0.005. High index slabs 
refractive index was kept constant at 3.48, cladding and substrate refractive index kept 
constant at 1.44. It was found that power confinement factor varied (increased / decreased) 
as per the ratio, 2 2H ln n . 
 
Fig. 5. Slot region power confinement dependence on refractive index. 
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In order to simulate complex structures, double slot structure was simulated, which was a 
step towards complex structures designing and simulation. A double slot structure has been 
simulated, where both slots of 50 nm width each are separated by a central high index slab 
of 100 nm width and surrounded by two 180 nm wide high index slabs. Initially it was 
thought that double slot structure designing is not a big issue, as it is just adding one more 
slot of suitable width in the waveguide structure (see figure 6). However, later it was learnt 
through various simulations that adding another slot of any width could not solve the 
problem. It requires proper width and placement of slot, as center slab width is dependent 
upon the placement of extra slot. Center slab width determines the amount of coupling 
occurring in between both the slots. The coupling effect between both slots does have an 
effect on power confinement factor in the low index slot region. This coupling effect 
determines the amount of power confined inside low index slot regions; moreover it has 
also been found that the center slab width can be related with the power confinement factor 
inside low index slot regions.  
 
Fig. 6. Double slot structure (refractive index based view). 
 
Fig. 7. E-field distribution for double slot structure at 0.5 m & 1 m propagation distance 
(low index slots R.I. = 1.44, high index slabs R.I. = 3.48, cladding & substrate R.I. = 1.44). 
 
Further exploration of double slot structure had been done by using different refractive 
index materials in both low index slots. The results proved that power confinement and E-
field confinement is dependent upon the contrast ratio. The more the contrast ratio between 
low index slot and high index slabs; the more the power confined inside low index slot 
region. In the current work, refractive index for left slot was 1.5, right slot was 1.44; high 
index slabs refractive index is 3.48. E-field distribution at a propagation distance of 0.5 m, 
0.75 m, 1 m, and 1.5 m are displayed in figure 8. Referring figure 5, for a single slot 
structure power confined inside low index slot region follows the refractive index contrast 
ratio between high index slabs and low index slots. It has been found that in case of double 
slot structure, power confined inside low index slot regions is affected by the coupling effect 
as well. Coupling between low index slot regions is mainly dependent upon central high 
index slab width. This effect has been studied in detail, and is of use in attaining fruitful 
results. 
 
Fig. 8. E-field distribution for double slot structure with different R.I. at 500 nm, 750 nm, 
1000 nm & 1500 nm propagation distance (high index slab R.I. = 3.48, cladding & substrate 
R.I. = 1.44). 
 
E-field inside both slots for both distances had been analyzed for phase shift. Phase shifts 
had been calculated at various parametric values, minute difference in phase shift indicates 
its non-existence. 
In another example, the double slot structure (ref. figure 6 & related details) has been 
repeated with cladding comprising of air. Power confined inside low index slot regions 
increased with a subsequent decrease of power confinement in external slabs. E-field 
distribution at 500 nm and 1000 nm propagation distances are shown in figure 9 below.  
It was found that E-field confinement in the slot with comparatively high index of refraction 
is less than the other slot. This behavior of light confinement inside low index slot region is 




SLOT OPTICAL WAVEGUIDES SIMULATIONS & MODELING 191
In order to simulate complex structures, double slot structure was simulated, which was a 
step towards complex structures designing and simulation. A double slot structure has been 
simulated, where both slots of 50 nm width each are separated by a central high index slab 
of 100 nm width and surrounded by two 180 nm wide high index slabs. Initially it was 
thought that double slot structure designing is not a big issue, as it is just adding one more 
slot of suitable width in the waveguide structure (see figure 6). However, later it was learnt 
through various simulations that adding another slot of any width could not solve the 
problem. It requires proper width and placement of slot, as center slab width is dependent 
upon the placement of extra slot. Center slab width determines the amount of coupling 
occurring in between both the slots. The coupling effect between both slots does have an 
effect on power confinement factor in the low index slot region. This coupling effect 
determines the amount of power confined inside low index slot regions; moreover it has 
also been found that the center slab width can be related with the power confinement factor 
inside low index slot regions.  
 
Fig. 6. Double slot structure (refractive index based view). 
 
Fig. 7. E-field distribution for double slot structure at 0.5 m & 1 m propagation distance 
(low index slots R.I. = 1.44, high index slabs R.I. = 3.48, cladding & substrate R.I. = 1.44). 
 
Further exploration of double slot structure had been done by using different refractive 
index materials in both low index slots. The results proved that power confinement and E-
field confinement is dependent upon the contrast ratio. The more the contrast ratio between 
low index slot and high index slabs; the more the power confined inside low index slot 
region. In the current work, refractive index for left slot was 1.5, right slot was 1.44; high 
index slabs refractive index is 3.48. E-field distribution at a propagation distance of 0.5 m, 
0.75 m, 1 m, and 1.5 m are displayed in figure 8. Referring figure 5, for a single slot 
structure power confined inside low index slot region follows the refractive index contrast 
ratio between high index slabs and low index slots. It has been found that in case of double 
slot structure, power confined inside low index slot regions is affected by the coupling effect 
as well. Coupling between low index slot regions is mainly dependent upon central high 
index slab width. This effect has been studied in detail, and is of use in attaining fruitful 
results. 
 
Fig. 8. E-field distribution for double slot structure with different R.I. at 500 nm, 750 nm, 
1000 nm & 1500 nm propagation distance (high index slab R.I. = 3.48, cladding & substrate 
R.I. = 1.44). 
 
E-field inside both slots for both distances had been analyzed for phase shift. Phase shifts 
had been calculated at various parametric values, minute difference in phase shift indicates 
its non-existence. 
In another example, the double slot structure (ref. figure 6 & related details) has been 
repeated with cladding comprising of air. Power confined inside low index slot regions 
increased with a subsequent decrease of power confinement in external slabs. E-field 
distribution at 500 nm and 1000 nm propagation distances are shown in figure 9 below.  
It was found that E-field confinement in the slot with comparatively high index of refraction 
is less than the other slot. This behavior of light confinement inside low index slot region is 




Passive Microwave Components and Antennas192
 
Fig. 9. Modes for double slot structure with different R.I. (cladding is air). 
 
3. SOI Multiple Slot Structures Explored for Sensor Applications 
 
In case of double slot structure, power confined inside low index slot regions (combined and 
individually) is dependent upon the center slab width. Several values have been taken at 
slot width 50 nm each; external slabs width 180 nm each slots and slabs height 300 nm each. 
Power confinement factor inside low index slot regions was found dependent upon center 
slab width.  
 
Fig. 10. Dependence of power confinement factor in double slot structure upon center slab 
width. 
 
In an extended check it was found that power confined inside low index slot regions of 
width 50 nm each is maximum for a center slab width ranging from 150-200 nm. Center slab 
has a profound impact in a double slot structure on power confinement factor in low index 
slot region. E-field amplitude also varies for slots with different refractive index. Power 
confinement factor ratio between slots, normalized values of power confined in center slab 
and E-field amplitude ratio in slots is shown in figure 11 [17]. In order to check the variation 
in power confinement factor due to shift in refractive index of slots; power confinement 
ratio in slots is plotted for a shift in refractive index values by 0.005. Refractive index value 
in left slot was changed from 1.44 till 1.5 with a step of 0.005, whereas refractive index value 
in right slot kept constant at 1.44. Ratio in power confinement factor between both slots was 
calculated and it was found that the peak is shifting gradually with shift in refractive index. 
The results have proven the effect of shift in refractive index on power confined in low 
index slot regions. Numerically calculated power confinement factor ratio for shift in 
refractive index shows a promising behavior for probable usage in sensor systems. However 
the use of single slot structure in sensor systems does require a mechanism to sense the shift 
in modal effective index, which had been studied by others. Double slot structure showed a 
way to use the slot structure in sensing mechanisms; most probably by calculating and 
observing the shift in power confinement factor / power confinement factor ratio. The shift 
in power confinement factor of low index slot regions under the action of cantilever [10] 
type movement by central high index slab has been exploited by us in proposing double slot 
structures usage in forming sensor systems. This effect is discussed in detail in further half 
of this chapter. 
 
Fig. 11. Power confinement ratio in diff. refractive index slots dependence upon shift in 
refractive index of one slot. 
 
Variation of refractive index only in left low index slot region only showed a profound 
impact upon power confinement factor ratio between both low index slot regions. Extensive 
research work done in this direction, so as to utilize the shift in refractive index of low index 
slot region (one or all in a multiple slot structure); a center slab width of 165 nm was chosen 
for extended extensive analysis. The reason of choosing 165 nm center slab width was that; 
at this center slab width coupling between low index slot regions was comparatively less. 
The results could help us in ascertaining the postulate that shift in refractive index of any of 
the low index slot region do have a profound impact on the power confinement inside low 
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Fig. 11. Power confinement ratio in diff. refractive index slots dependence upon shift in 
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Variation of refractive index only in left low index slot region only showed a profound 
impact upon power confinement factor ratio between both low index slot regions. Extensive 
research work done in this direction, so as to utilize the shift in refractive index of low index 
slot region (one or all in a multiple slot structure); a center slab width of 165 nm was chosen 
for extended extensive analysis. The reason of choosing 165 nm center slab width was that; 
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The results could help us in ascertaining the postulate that shift in refractive index of any of 
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index slot regions. Refractive index in left low index slot region shifted from 1.5 till 1.48 with 
a step size (n) of 0.005. Minute shift in refractive index; which is possible due to 
temperature, pressure, chemical, and mechanical, or may be due to several other reasons not 
mentioned here; had a profound impact on power confinement factor and its ratio between 
both low index slot regions. Prominent shift in low index slot regions power confinement 
factor formed a basis of thinking to propose double slot optical waveguide structure for use 
in sensor applications. Power confinement ratio between both low index slots as a function 
of center slab width and refractive index is plotted in figure 12: 
 
Fig. 12. Shift in power confinement ratio in low index regions due to change in refractive 
index. 
 
In one of the research work related to proposing double slot structure in sensor mechanisms, 
numerical calculations were performed for a center slab width varying from 10 nm till 400 
nm. Followed by power confinement factor ratio dependence upon shift in refractive index 
of low index slot region. Refractive index of right slot is kept constant at 1.44, whereas 
refractive index of left slot was varied from 1.44 till 1.5 with a step size of 0.005. Power 
confinement factor ratio was calculated by dividing the power confined in right slot with 
power confined in left slot for a propagation length of 1 m. Power confinement ratio 
between both low index slot regions is maximum at a center slab width of 20 nm. Hence the 
point with center slab of 20nm width was chosen for power ratio check. For a 20 nm width 
of center slab, coupling between both low index slot regions is better than at center slab 
width of 165nm. This time power confinement factor ratio at a center slab width of 20 nm 
was checked, where power confinement factor inside low index slot regions is more due to 
increased coupling. Shift in refractive index of either of the low index slot region showed a 
profound impact on power confinement factor ratio. The prominent change in power 
confinement factor (can also be termed as confinement loss) is a contributing factor leads to 
proposing double slot structure for use in sensing mechanisms. Change in power 
confinement factor ratio indicates that a slight shift in either of the low index slot regions 
refractive index shows a promising change in power confinement factor ratio.  
 
Fig. 13. Shift in power confinement ratio dependence on left low index slot R.I. (center slab 
width 20 nm). 
 
Before considering power confinement / loss mechanism in double slot structure for use in 
sensor mechanisms, it was necessary to investigate if change in power confinement factor is 
dependent upon some other parametric values. Several checks have been done, in one case 
where refractive index in both slot regions is 1.44, detailed analysis of boundary conditions 
effect upon power confinement factor ratio has been done for a center slab width of 162 nm. 
Perfectly matched boundary conditions are used with number of layers ten and twenty. 
Power confinement factor ratio (right slot/left slot) at various propagation distances are 
plotted in figure 14 below.  
 
Fig. 14. Power confinement factor ratio between slots dependence on Perfectly Matched 
Layers boundary condition. 
 
Later part of this subsection indicates that number of PML layers does not have profound 
impact on power confinement factor, hence we have kept the number of PML layers in all of 
our simulations to be 10. It is apparent from both the results that power confinement factor 
ratios are around the value of one. As the propagation conditions (boundary conditions & 
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index slot regions. Refractive index in left low index slot region shifted from 1.5 till 1.48 with 
a step size (n) of 0.005. Minute shift in refractive index; which is possible due to 
temperature, pressure, chemical, and mechanical, or may be due to several other reasons not 
mentioned here; had a profound impact on power confinement factor and its ratio between 
both low index slot regions. Prominent shift in low index slot regions power confinement 
factor formed a basis of thinking to propose double slot optical waveguide structure for use 
in sensor applications. Power confinement ratio between both low index slots as a function 
of center slab width and refractive index is plotted in figure 12: 
 
Fig. 12. Shift in power confinement ratio in low index regions due to change in refractive 
index. 
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Later part of this subsection indicates that number of PML layers does not have profound 
impact on power confinement factor, hence we have kept the number of PML layers in all of 
our simulations to be 10. It is apparent from both the results that power confinement factor 
ratios are around the value of one. As the propagation conditions (boundary conditions & 
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input conditions) in both slot regions is same, hence ideally the ratio should be one or in 
close proximity of one. 
Comparison between the results of both conditions, like PML=10 and PML=20 had been 
carried out. Power confinement factor error ratio has been plotted in figure 15. The error 
ratio has been taken for difference in power confinement ratio at PML-10 and PML-20 
divided by actual ratio at PML-10. The error ratio is at monotonous increase hence it seems 
following the general conditions of error analysis. 
 
Fig. 15. Power Confinement factor ratio comparison (PML = 10 & PML = 20). 
 
Hence it was found that power confinement factor is mainly dependent upon shift in 
refractive index, and shift in center slab width (double slot structure). 
 
4. Low contrast Double Slot Structure based Optomechanical Sensor [18] 
 
The structure is based on basic double slot structure. A head start introduction of proposed 
optomechanical sensor is that two low index slots of hard material dipped in a cladding of 
high index compressible material (suitable to term as fluid), where slots have fins on top and 
can move inside high index cladding under the action of an external force. Three slabs 
comprising of high refractive index fluid, two slots (50nm wide) of low refractive index solid 
material, in present work it is SiO2 (R.I.=1.44). The cladding and substrate also comprised of 
SiO2. Slabs comprising of commercially available high refractive index fluid; Gallium Halide 
(R.I. = 2.31) [19]. Melting point of fused silica (to be used in forming low index slots) is 
~1371oC. Trihalides where Gallium is in the +3 oxidation state are Gallium Fluoride (GaF3), 
Gallium Chloride (GaCl3), Gallium Bromide (GaBr3), and Gallium Iodide (GaI3). Other than 
GaF3 having melting point above 1000oC, all other three halides (GaCl3, GaBr3, and GaI3) 
melting point is 78oC, 122oC, and 212oC respectively. Hence it seems technically reasonable 
to use fused silica based slots inside a Halide based slab. 
Block diagram of proposed optomechanical sensor is shown in figure 16.  
Essential assumptions in double slot structure are: 
(a) Slabs comprising of high refractive index fluid. 
(b) Slots body is dipped inside the slabs, there are fins on top of slots body; which 
are visible out of the slabs and are exposed to atmospheric conditions. 
(c) Cladding is of air. 
(d) Slots width remains same, the distance in between slots is varied subject to 
change in atmospheric conditions like temperature and pressure on the fins. 
As the slabs comprise of fluid, hence slots can move easily inside the slabs. 
Increase or decrease in central slab width (in between slots) is added into 
outer slabs equally 
 
Fig. 16. Top view (z-cut) of compressible material based slot structure. 
  
Power confinement factor in basic single slot structure (where slab refractive index is 2.31 
and slot refractive index is 1.44) is investigated at various structure heights ranging from 300 
nm till 500 nm with a step size of 10 nm. It has been found that for a propagation distance of 
1000 nm, power confinement factor in slot waveguide shows a monotonous increase till 
structure height of 380nm, later on it shows a monotonous decrease till 500nm. Further 
analysis proved that a structure height of 410 nm is an optimized height. Hence for the 
current work in this section, structure height was kept at 410 nm. 
 
  
(a)     (b) 
Fig.17. E-field intensity dependence upon central slab width; (a) 250 nm; (b) 300 nm. 
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input conditions) in both slot regions is same, hence ideally the ratio should be one or in 
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divided by actual ratio at PML-10. The error ratio is at monotonous increase hence it seems 
following the general conditions of error analysis. 
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melting point is 78oC, 122oC, and 212oC respectively. Hence it seems technically reasonable 
to use fused silica based slots inside a Halide based slab. 
Block diagram of proposed optomechanical sensor is shown in figure 16.  
Essential assumptions in double slot structure are: 
(a) Slabs comprising of high refractive index fluid. 
(b) Slots body is dipped inside the slabs, there are fins on top of slots body; which 
are visible out of the slabs and are exposed to atmospheric conditions. 
(c) Cladding is of air. 
(d) Slots width remains same, the distance in between slots is varied subject to 
change in atmospheric conditions like temperature and pressure on the fins. 
As the slabs comprise of fluid, hence slots can move easily inside the slabs. 
Increase or decrease in central slab width (in between slots) is added into 
outer slabs equally 
 
Fig. 16. Top view (z-cut) of compressible material based slot structure. 
  
Power confinement factor in basic single slot structure (where slab refractive index is 2.31 
and slot refractive index is 1.44) is investigated at various structure heights ranging from 300 
nm till 500 nm with a step size of 10 nm. It has been found that for a propagation distance of 
1000 nm, power confinement factor in slot waveguide shows a monotonous increase till 
structure height of 380nm, later on it shows a monotonous decrease till 500nm. Further 
analysis proved that a structure height of 410 nm is an optimized height. Hence for the 
current work in this section, structure height was kept at 410 nm. 
 
  
(a)     (b) 
Fig.17. E-field intensity dependence upon central slab width; (a) 250 nm; (b) 300 nm. 
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As an example we can see that; for a case where central slab width between both slots is 300 
nm and 250 nm. E-field intensity (see figure 17), E-field lines (see figure 18) and power 
confinement factor in low index slot region changes considerably.  
The contrast ratio in present structure is considerably low, however we can see acceptable 
power confinement factor inside low index slot regions. E-field lines in both the cases 
(central slab width of 250 nm, and 300 nm) were checked. It was found that power 
confinement inside low index slot regions occurred due to electric lines discontinuity, 
plotted in figure below: 
        
(a)    (b) 
Fig. 18. E-field lines at a central slab width of; (a) 250 nm; (b) 300 nm. 
 
Power confinement factor in a low index slot has been calculated and plotted in figure 19 
below. A monotonously decreasing curve was found for various widths of central slab 
(comprising of high index compressible material) between the slots (comprising of low 
index hard material). In this case power confinement factor is depending upon center slab 
width. 
  
(a)      (b) 
Fig. 19. Power confinement factor dependence upon central slab width; (a) low index slot; (b) 
central high index slab. 
 
In a careful review of the power confinement characteristics of the fluid based photonics 
waveguide sensor reveals that; power confinement in low index slot regions is at a 
monotonous decrease for a central slab width ranging from 300nm till 650nm and is as 
follows: 
 
Fig.20. Normalized power confined in low index slot region. 
 
The sensitivity of the sensor can be calculated by finding the slope of un-normalized 
deflection curve ((y2-y1)/(x2-x1)), however the material sensitivity towards deflection is also 
required. The material sensitivity depends upon the nature of sensor requirement and its 
constituents. Shift in power confinement factor in this embodiment came out to be 0.435/nm. 
 
5. Glass based Multiple Slot Structure Sensor Systems 
 
Further to our work in last section, it was thought of that a simple and easy to realize double 
slot structure should be explored for sensing applications. Inspired from the work by 
Barrios [10], glass based double slot structure has been realized. The structure composition 
is that glass slabs are placed on glass substrate. Both low index slot regions and cladding is 
of air, for simplicity and to be practical we may say that low index slot regions and cladding 
is of compressible low index material. Before starting work on the proposed structure of 
glass and air based double slot structure, power confinement factor in glass and air based 
single slot structure has been investigated. Deviating from the contrast ratio of SOI slot 
optical waveguide, where contrast ratio is 2.42, we were thinking of realizing a structure 
with contrast ratio of 1.65. In a basic structure, 500 nm high, 50 nm wide single slot 
comprising of air, surrounded by glass slabs (R.I. = 1.65). The structure is resting on glass 
substrate, cladding is of air. E-field in y-cut and E-field distribution shown in figure 21 are in 
agreement with the basic slot structure theory [1]. High E-field confinement was found in 
the low index slot region. 
Power confinement factor percentage inside low index slot region found out to be 9.1%. In 
order to enhance the power glass based double slot structure was realized. Two 500 nm high, 
50 nm wide air based slots separated using a 50 nm wide glass slab, surrounded by 360 nm 
glass slabs. Whole structure resting on glass substrate, cladding comprising of air. 
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As an example we can see that; for a case where central slab width between both slots is 300 
nm and 250 nm. E-field intensity (see figure 17), E-field lines (see figure 18) and power 
confinement factor in low index slot region changes considerably.  
The contrast ratio in present structure is considerably low, however we can see acceptable 
power confinement factor inside low index slot regions. E-field lines in both the cases 
(central slab width of 250 nm, and 300 nm) were checked. It was found that power 
confinement inside low index slot regions occurred due to electric lines discontinuity, 
plotted in figure below: 
        
(a)    (b) 
Fig. 18. E-field lines at a central slab width of; (a) 250 nm; (b) 300 nm. 
 
Power confinement factor in a low index slot has been calculated and plotted in figure 19 
below. A monotonously decreasing curve was found for various widths of central slab 
(comprising of high index compressible material) between the slots (comprising of low 
index hard material). In this case power confinement factor is depending upon center slab 
width. 
  
(a)      (b) 
Fig. 19. Power confinement factor dependence upon central slab width; (a) low index slot; (b) 
central high index slab. 
 
In a careful review of the power confinement characteristics of the fluid based photonics 
waveguide sensor reveals that; power confinement in low index slot regions is at a 
monotonous decrease for a central slab width ranging from 300nm till 650nm and is as 
follows: 
 
Fig.20. Normalized power confined in low index slot region. 
 
The sensitivity of the sensor can be calculated by finding the slope of un-normalized 
deflection curve ((y2-y1)/(x2-x1)), however the material sensitivity towards deflection is also 
required. The material sensitivity depends upon the nature of sensor requirement and its 
constituents. Shift in power confinement factor in this embodiment came out to be 0.435/nm. 
 
5. Glass based Multiple Slot Structure Sensor Systems 
 
Further to our work in last section, it was thought of that a simple and easy to realize double 
slot structure should be explored for sensing applications. Inspired from the work by 
Barrios [10], glass based double slot structure has been realized. The structure composition 
is that glass slabs are placed on glass substrate. Both low index slot regions and cladding is 
of air, for simplicity and to be practical we may say that low index slot regions and cladding 
is of compressible low index material. Before starting work on the proposed structure of 
glass and air based double slot structure, power confinement factor in glass and air based 
single slot structure has been investigated. Deviating from the contrast ratio of SOI slot 
optical waveguide, where contrast ratio is 2.42, we were thinking of realizing a structure 
with contrast ratio of 1.65. In a basic structure, 500 nm high, 50 nm wide single slot 
comprising of air, surrounded by glass slabs (R.I. = 1.65). The structure is resting on glass 
substrate, cladding is of air. E-field in y-cut and E-field distribution shown in figure 21 are in 
agreement with the basic slot structure theory [1]. High E-field confinement was found in 
the low index slot region. 
Power confinement factor percentage inside low index slot region found out to be 9.1%. In 
order to enhance the power glass based double slot structure was realized. Two 500 nm high, 
50 nm wide air based slots separated using a 50 nm wide glass slab, surrounded by 360 nm 
glass slabs. Whole structure resting on glass substrate, cladding comprising of air. 
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(a)     (b) 
Fig. 21. (a) E-field distribution; (b) E-field intensity; glass based single slot structure. 
 
E-field distribution in y-cut and E-field intensity is shown in figure 22 (a) and (b) 
respectively. E-field distribution and power confinement for glass based structure had also 
been checked for the case where slabs comprising of glass (R.I. = 1.65); cladding, substrate & 
slot comprising of air. In other words for a single slot structure there are two glass slabs 
inserted inside an air based wafer at the requisite 
 
(a)     (b) 
Fig. 22. (a) E-field distribution; (b) E-field intensity; glass based double slot structure. 
 
place. The placing of slabs ensures slot width, substrate depth and cladding height. Such 
sort of triple slot structure has been checked for power confined inside low index slot region. 
Power confinement factor inside low index slot region is 30.75%. The simulations supported 
our earlier work for the case of glass based slabs with slots comprising of air.  
Moving back to the case where glass based multiple slot structure is resting on glass 
substrate; cladding comprising of air. Two fifty nanometer wide slots separated using a 
central high index glass based slab of 50nm width; surrounded by 360nm wide slabs. Whole 
structure resting on glass substrate, cladding is of air. Normalized E-field distribution and 
transverse E-field amplitude for a slot height of 1800nm is shown in figure 23 below.  
  
(a)      (b) 
Fig. 23. Normalized; (a) E-field intensity; (b) transverse E-field amplitude; glass based 
double slot structure.  
 
Power confinement factor for glass based double slot structure has been investigated. For 
this check of power confinement factor inside low index slot regions, width of low index slot 
regions and central high index slab region was kept at 50 nm. Structure height was 
increased gradually from 300 nm till 1800 nm. Power confinement factor increases 
monotonously along with an increase in structure height (see figure 24 below).  
 
 
Fig. 24. Power confined in glass based double slot structure versus structure height. 
 
Contrast ratio for SOI based slot structure is 2.42; power confined inside low index slot 
region for SOI based slot structure is approximately 60%. For a glass based slot structure 
contrast ratio is 1.65, attaining 41% power confinement factor inside low index slot regions 
brings the structure comparable to SOI slot structure. Glass based double slot structure is 
explored further for use in sensing applications. 
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place. The placing of slabs ensures slot width, substrate depth and cladding height. Such 
sort of triple slot structure has been checked for power confined inside low index slot region. 
Power confinement factor inside low index slot region is 30.75%. The simulations supported 
our earlier work for the case of glass based slabs with slots comprising of air.  
Moving back to the case where glass based multiple slot structure is resting on glass 
substrate; cladding comprising of air. Two fifty nanometer wide slots separated using a 
central high index glass based slab of 50nm width; surrounded by 360nm wide slabs. Whole 
structure resting on glass substrate, cladding is of air. Normalized E-field distribution and 
transverse E-field amplitude for a slot height of 1800nm is shown in figure 23 below.  
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Fig. 23. Normalized; (a) E-field intensity; (b) transverse E-field amplitude; glass based 
double slot structure.  
 
Power confinement factor for glass based double slot structure has been investigated. For 
this check of power confinement factor inside low index slot regions, width of low index slot 
regions and central high index slab region was kept at 50 nm. Structure height was 
increased gradually from 300 nm till 1800 nm. Power confinement factor increases 
monotonously along with an increase in structure height (see figure 24 below).  
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Contrast ratio for SOI based slot structure is 2.42; power confined inside low index slot 
region for SOI based slot structure is approximately 60%. For a glass based slot structure 
contrast ratio is 1.65, attaining 41% power confinement factor inside low index slot regions 
brings the structure comparable to SOI slot structure. Glass based double slot structure is 
explored further for use in sensing applications. 
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5.1 Glass based Double Slot Structure Sensor [20] 
In one of the example embodiment both 50nm wide slots are separated by a 50nm wide high 
index slab comprising of glass. Both slots separated by glass slab are surrounded by 360 nm 
wide glass slabs. The simulations scenario was created to calculate stress induced movement 
of center slab at one end of a long cantilever based sensor system [10]. Center slab is 
simulated to move (under the action of external pressure) by a step size of 5 nm each. Power 
confined in left slot is increasing; starting with a left slot width of 5 nm, center 50 nm glass 
slab is shifting right by a step of 5 nm. The left slot width is increasing by 5 nm whereas 
right slot width is reducing by 5 nm at each step size. Power confinement factor in both slots 
is same at equal width (50 nm).  
It was found that power confinement factor is showing considerable change for a step size 
of 10 nm but for a step size of 5 nm the change is not considerable. This supports our earlier 
work done regarding high refractive index fluid based photonics displacement sensor. 
Power confinement factor has been calculated for the case where; 50 nm slab is shifting right 
by a step size of 10 nm. In the start the left slot width is 5 nm, whereas right slot width is 95 
nm. Results are displayed in figure 25. Power confinement factor is showing a considerable 
change for a shift in center slab by 10 nm; hence it can be exploited for forming a novel 
photonic displacement sensor. 
 
Fig. 25. Power Confinement factor in left slot region (center slab shifting right by 10nm). 
 
5.2 Waveguide Structure 
 
A displacement sensor based on double slot waveguide structure is designed. The structure 
comprising of compressible low refractive index material and hard material of relatively 
high index of refraction. Two low refractive index narrow slots formed between three 
relatively high refractive index slabs. The width of both slots and central slab is same.  
The structural geometry can be changed as per requirements and designs. Figure 26 is a top 
view representation of double slot waveguide structure based photonics sensor. It is formed 
of slabs comprising of high refractive index hard material, having a width that can 
significantly be varied. Two low index slots comprising of low refractive index compressible 
material separates the high refractive index slabs by a width, which is of the nanometers 
range. Low refractive index slot regions may be filled with air, gas, fluid or other 
compressible fluids so as to allow free movement of center slab in it. High refractive index 
regions may be filled with relatively high refractive index glass, silicon, silicon dioxide or 
metal. The height of high index slab regions also defines the height of low index slot regions. 
The length of high index slab regions also defines the length of low index slot regions. 
Central high index slab has an embedded fin on it’s top, force on fin’s vertical surface due to 
physical quantities makes the center slab move like a cantilever; left or right. Cladding of the 
structure are of same low refractive index material as of low index slot regions; further 
embodiments can be comprising of air, gas, fluid or other oxides. 
 
Fig. 26. Glass based photonics displacement sensor (top view; z-cut). 
 
A channel waveguide structure is used for guiding light inside the double slot waveguide 
structure. Channel guide could be comprised of dielectric or any material of suitable 
refractive index, could be same as of high index slab regions or low index slot regions. 
Cladding of channel waveguide structure could be of same material as of double slot 
structure or could be of air, gas fluid or other metals / oxides. Another channel waveguide 
structure is used for directing light out of the double slot waveguide structure. The 
structural limitations are the same as for the earlier channel waveguide structure. 
Low index slot regions may be supported by same material as used for the slabs. Other 
materials providing a contrast in refractive indices may also be utilized without departing 
from the scope of the invention. Many different structures may be used that provide a class 
of waveguide structures capable of guiding and confining lights in such a way that high 
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5.1 Glass based Double Slot Structure Sensor [20] 
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physical quantities makes the center slab move like a cantilever; left or right. Cladding of the 
structure are of same low refractive index material as of low index slot regions; further 
embodiments can be comprising of air, gas, fluid or other oxides. 
 
Fig. 26. Glass based photonics displacement sensor (top view; z-cut). 
 
A channel waveguide structure is used for guiding light inside the double slot waveguide 
structure. Channel guide could be comprised of dielectric or any material of suitable 
refractive index, could be same as of high index slab regions or low index slot regions. 
Cladding of channel waveguide structure could be of same material as of double slot 
structure or could be of air, gas fluid or other metals / oxides. Another channel waveguide 
structure is used for directing light out of the double slot waveguide structure. The 
structural limitations are the same as for the earlier channel waveguide structure. 
Low index slot regions may be supported by same material as used for the slabs. Other 
materials providing a contrast in refractive indices may also be utilized without departing 
from the scope of the invention. Many different structures may be used that provide a class 
of waveguide structures capable of guiding and confining lights in such a way that high 
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optical intensity is obtained in both small cross sectional areas filled with any compressible 
material of sufficiently low refractive index, relative to the remainder core of the structure. 
While low index slot regions are shown as a rectangular cross section, other shapes, such as 
triangular or semicircular may also be used to provide suitable surfaces for defining the 
narrow slot regions. 
 
5.3  Working Principle 
Light is guided inside double slot structure using a conventional waveguide (channel 
waveguide). The height of channel waveguide structure is same as that of double slot 
structure. Input field was coupled with the channel waveguide and later channel waveguide 
forming an integral part of double slot structure is a source of guiding light in it. 
Referring figure 26, the central high refractive index slab is acting as a cantilever. Surface 
stress on fin on the top of central slab results in its’ static bending. Displacement of central 
slab (cantilever) under the action of stress reduces the width of one of the slot resulting in 
increased width of other slot. Power confined inside low index slot is directly related to the 
width and hence is changed accordingly. Light is directed outside the double slot 
waveguide structure using an embedded channel waveguide structure. 
In an example embodiment of glass based photonics sensor; using glass (high refractive 
index slab) and air (low refractive index slot). Referring figure 26, upper slot; hereafter 
named as right slot and lower slot; hereafter named as left slot, are of rectangular shape with 
50 nm width, 1800 nm height and 1000 nm length comprising of air (R.I.=1.00). Upper slab; 
hereafter named as left slab, central slab and lower slab; hereafter named as right slab 
surrounding both low index slot regions. Slabs comprised of commercially available high 
refractive index glass (R.I. = 1.65); center slab width is same as that of low index slot regions; 
where as outer slabs width is 360nm. Input plane is propagated along z-axis at 1.55 m CW 
(optical frequency). 
 
Fig. 27. (a): Normalized E-field intensity – both low index slot regions of same width. 
 
The shift in center slab with a step size of 10 nm is causing a constant increase in left slot 
width starting from 5 nm till 95 nm; vice versa constant decrease in right slot width. Power 
confinement factor is directly proportional to the slot width. Change in power confinement 
factor is being used as an indicator for shift in displacement of center slab. Normalized E-
field intensity in double slot waveguide structure is displayed in figure 27 (a), (b) & (c) at 
three different displacement locations of center slab. 
In this embodiment example (see Fig. 27(a)), E-field intensity has been calculated by keeping 
both slots at same width. As the slots width was same, hence power confined in both slots is 
same. Power confinement has been calculated using Eqn. 3 [3] and it was found same. 
Figure 27(a) above gives a very nice example of double slot waveguide structure, where 
quasi-TE mode is used. Light is totally confined inside the low index slot region. E-field was 
normalized with it’s peak value.  The E-field distribution at modal point depends upon the 
input conditions and geometrical shapes of slot waveguide structure. The input conditions 
and refractive index contrast were kept same; however geometrical conditions were 
changed in further embodiments. The change in geometrical conditions due to shift in 
central slab has a profound effect on the E-field distribution at the modal points. We will see 
in figures below that, for the embodiment where left low refractive index slot width is less; 
E-field confinement is high. 
In this embodiment example (see Fig. 27(b)), numerical calculations have been done by 
keeping left low refractive index slot width at 5 nm. Right low refractive index slot width 
was 95 nm (vice versa). E-field was normalized with the E-field obtained when both the 
slots width is same (see fig. 27(b) below). It is evident from the figure that power was mainly 
confined in right low refractive index slot. Power confinement factor in both low refractive 
index slots has been calculated using Eqn. 3 [3]. 
 
Fig. 27. (b): Normalized E-field intensity – left slot of width 5nm; right slot of width 95nm. 
 
In this embodiment example (see Figure 27(c)), numerical calculations have been done by 
keeping left low refractive index slot width at 95 nm. Right low refractive index slot width 
was 5 nm (vice versa). E-field was normalized with the E-field obtained when both the slots 
width is same (see figure 27(c) below). It is evident from figure; that power was confined in 
left low index slot. However sharp spike of light confinement in right low refractive index 
groove is due to it’s small cross sectional area. Power confinement factor in both low 
refractive index slots has been calculated [3]. The large cross sectional area of left slot 
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optical intensity is obtained in both small cross sectional areas filled with any compressible 
material of sufficiently low refractive index, relative to the remainder core of the structure. 
While low index slot regions are shown as a rectangular cross section, other shapes, such as 
triangular or semicircular may also be used to provide suitable surfaces for defining the 
narrow slot regions. 
 
5.3  Working Principle 
Light is guided inside double slot structure using a conventional waveguide (channel 
waveguide). The height of channel waveguide structure is same as that of double slot 
structure. Input field was coupled with the channel waveguide and later channel waveguide 
forming an integral part of double slot structure is a source of guiding light in it. 
Referring figure 26, the central high refractive index slab is acting as a cantilever. Surface 
stress on fin on the top of central slab results in its’ static bending. Displacement of central 
slab (cantilever) under the action of stress reduces the width of one of the slot resulting in 
increased width of other slot. Power confined inside low index slot is directly related to the 
width and hence is changed accordingly. Light is directed outside the double slot 
waveguide structure using an embedded channel waveguide structure. 
In an example embodiment of glass based photonics sensor; using glass (high refractive 
index slab) and air (low refractive index slot). Referring figure 26, upper slot; hereafter 
named as right slot and lower slot; hereafter named as left slot, are of rectangular shape with 
50 nm width, 1800 nm height and 1000 nm length comprising of air (R.I.=1.00). Upper slab; 
hereafter named as left slab, central slab and lower slab; hereafter named as right slab 
surrounding both low index slot regions. Slabs comprised of commercially available high 
refractive index glass (R.I. = 1.65); center slab width is same as that of low index slot regions; 
where as outer slabs width is 360nm. Input plane is propagated along z-axis at 1.55 m CW 
(optical frequency). 
 
Fig. 27. (a): Normalized E-field intensity – both low index slot regions of same width. 
 
The shift in center slab with a step size of 10 nm is causing a constant increase in left slot 
width starting from 5 nm till 95 nm; vice versa constant decrease in right slot width. Power 
confinement factor is directly proportional to the slot width. Change in power confinement 
factor is being used as an indicator for shift in displacement of center slab. Normalized E-
field intensity in double slot waveguide structure is displayed in figure 27 (a), (b) & (c) at 
three different displacement locations of center slab. 
In this embodiment example (see Fig. 27(a)), E-field intensity has been calculated by keeping 
both slots at same width. As the slots width was same, hence power confined in both slots is 
same. Power confinement has been calculated using Eqn. 3 [3] and it was found same. 
Figure 27(a) above gives a very nice example of double slot waveguide structure, where 
quasi-TE mode is used. Light is totally confined inside the low index slot region. E-field was 
normalized with it’s peak value.  The E-field distribution at modal point depends upon the 
input conditions and geometrical shapes of slot waveguide structure. The input conditions 
and refractive index contrast were kept same; however geometrical conditions were 
changed in further embodiments. The change in geometrical conditions due to shift in 
central slab has a profound effect on the E-field distribution at the modal points. We will see 
in figures below that, for the embodiment where left low refractive index slot width is less; 
E-field confinement is high. 
In this embodiment example (see Fig. 27(b)), numerical calculations have been done by 
keeping left low refractive index slot width at 5 nm. Right low refractive index slot width 
was 95 nm (vice versa). E-field was normalized with the E-field obtained when both the 
slots width is same (see fig. 27(b) below). It is evident from the figure that power was mainly 
confined in right low refractive index slot. Power confinement factor in both low refractive 
index slots has been calculated using Eqn. 3 [3]. 
 
Fig. 27. (b): Normalized E-field intensity – left slot of width 5nm; right slot of width 95nm. 
 
In this embodiment example (see Figure 27(c)), numerical calculations have been done by 
keeping left low refractive index slot width at 95 nm. Right low refractive index slot width 
was 5 nm (vice versa). E-field was normalized with the E-field obtained when both the slots 
width is same (see figure 27(c) below). It is evident from figure; that power was confined in 
left low index slot. However sharp spike of light confinement in right low refractive index 
groove is due to it’s small cross sectional area. Power confinement factor in both low 
refractive index slots has been calculated [3]. The large cross sectional area of left slot 
www.intechopen.com
Passive Microwave Components and Antennas206
attributed towards high power confinement; vice versa right low refractive index slot 
contains less power. 
 
Fig. 27. (c): Normalized E-field intensity – right slot of width 5nm; left slot of width 95nm. 
 
Fig. 28. Power confined (normalized) inside low refractive index slot region dependence 
upon slot width. 
 
Power confined in either low index slot region is increasing along with increase in slot 
width. The low index slot width is dependent upon shift in center slab. Power confinement 
factor in both low index slots have been checked and found similar response at same 
displacement of central high refractive index slab. Power confined (normalized) in a low 
index slot region has been drawn in graphical format in figure 28. The change in slot width 
is due to shift in center slab under the effect of stress at fin’s vertical surface. We have 
checked the power confinement factor at various example embodiments. Few power 
confinement values plotted in figure 28 are just for example. It was observed that in order to 
get a considerable change in power confinement factor a minimum shift of 10nm in center 
slab width is required. A shift in power confinement factor by 3.85 has been found for every 
10nm change in center slab displacement. Hence sensitivity of proposed photonics sensor 
mechanism is 0.385/nm. 
 
6. Slot Structure Coupling Structures  
 
In order to ensure usage of glass based low contrast slot structure in forming passive optical 
devices, it was necessary to provide an example. Slot waveguide based single slot to double 
slot coupling structure (see figure 29) is realized using glass & air based single and multi slot 
structure.  
 
Fig. 29. Slot waveguide based Y-coupler. 
 
In a numerical calculation using full vector finite difference mode-solver, the dimensions of 
double slot structure as follows: 
Referring figure 29, both slots are of rectangular shape with 50 nm width, 400 nm height and 
1 m length comprising of air (R.I.=1.00). Three rectangular slabs are surrounding both the 
slots comprising of commercially available high refractive index glass (R.I. = 1.65). Single 
frequency Gaussian modulated continuous wave was used as input plane, propagated in 
the direction of z-axis.  Numerous numerical calculations by using standard input plane 
were carried out at various displacement values. E-field amplitude shows that a part of 
optical power is also in the substrate. However due to electric field discontinuity at the 
boundaries of high index glass slabs and low index air slots, the e-field is confined strictly 
inside the low index regions. However contrast ratios do have an effect on the power 
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attributed towards high power confinement; vice versa right low refractive index slot 
contains less power. 
 
Fig. 27. (c): Normalized E-field intensity – right slot of width 5nm; left slot of width 95nm. 
 
Fig. 28. Power confined (normalized) inside low refractive index slot region dependence 
upon slot width. 
 
Power confined in either low index slot region is increasing along with increase in slot 
width. The low index slot width is dependent upon shift in center slab. Power confinement 
factor in both low index slots have been checked and found similar response at same 
displacement of central high refractive index slab. Power confined (normalized) in a low 
index slot region has been drawn in graphical format in figure 28. The change in slot width 
is due to shift in center slab under the effect of stress at fin’s vertical surface. We have 
checked the power confinement factor at various example embodiments. Few power 
confinement values plotted in figure 28 are just for example. It was observed that in order to 
get a considerable change in power confinement factor a minimum shift of 10nm in center 
slab width is required. A shift in power confinement factor by 3.85 has been found for every 
10nm change in center slab displacement. Hence sensitivity of proposed photonics sensor 
mechanism is 0.385/nm. 
 
6. Slot Structure Coupling Structures  
 
In order to ensure usage of glass based low contrast slot structure in forming passive optical 
devices, it was necessary to provide an example. Slot waveguide based single slot to double 
slot coupling structure (see figure 29) is realized using glass & air based single and multi slot 
structure.  
 
Fig. 29. Slot waveguide based Y-coupler. 
 
In a numerical calculation using full vector finite difference mode-solver, the dimensions of 
double slot structure as follows: 
Referring figure 29, both slots are of rectangular shape with 50 nm width, 400 nm height and 
1 m length comprising of air (R.I.=1.00). Three rectangular slabs are surrounding both the 
slots comprising of commercially available high refractive index glass (R.I. = 1.65). Single 
frequency Gaussian modulated continuous wave was used as input plane, propagated in 
the direction of z-axis.  Numerous numerical calculations by using standard input plane 
were carried out at various displacement values. E-field amplitude shows that a part of 
optical power is also in the substrate. However due to electric field discontinuity at the 
boundaries of high index glass slabs and low index air slots, the e-field is confined strictly 
inside the low index regions. However contrast ratios do have an effect on the power 
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confinement factor. This effect has been nullified by changing the structure geometry and 
changing the input plane conditions. 
Referring figure 29; initially basic SOI slot optical waveguide was simulated [1]. The light 
was confined inside low index regions (see figure 30) and is in agreement with the existing 
theory. 
 
(a)     (b) 
Fig. 30. (a) E-field distribution; (b) E-field intensity; SOI slot optical waveguide based Y-
branch coupler. 
 
Glass based double slot waveguide structure is implemented on the Y-branch coupler model. 
The slots comprising of air and slabs is of glass. E-field distribution is plotted in figure 
below: 
  
(a)     (b) 
Fig. 31. (a) E-field distribution; (b) E-field intensity; Double slot waveguide structure 
(comprising of air & glass) based Y-coupler. 
 
E-field intensity is found splitting into two parts, hence power introduced in the y-branch 
coupler is splitted equally in between two ports. This is very useful in forming passive 




In this chapter simulation and analysis of single and multiple slot waveguide structures had 
been carried out using FDTD algorithm. It was found that multiple slot structures not only 
increase the power confinement factor in low index slot regions but can also be utilized in 
forming sensor mechanisms. Other than traditional SOI slot optical waveguides, low 
contrast (glass and air based) slot optical waveguides with comparable power confinement 
factor had been proposed. Later the low contrast double slot optical waveguide structure 
had been utilized in forming cantilever based sensing mechanisms. Light confinement 
inside low contrast double slot structure has been explored and found comparable to SOI 
based slot optical waveguide structure. Based on cantilever type movement of low index 
slots of proposed low contrast double slot structure a simple and easy to build 
optomechanical sensor has been proposed. Single frequency continuous wave Gaussian 
pulse source has been used in simulations which is readily available. It could be most 
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confinement factor. This effect has been nullified by changing the structure geometry and 
changing the input plane conditions. 
Referring figure 29; initially basic SOI slot optical waveguide was simulated [1]. The light 
was confined inside low index regions (see figure 30) and is in agreement with the existing 
theory. 
 
(a)     (b) 
Fig. 30. (a) E-field distribution; (b) E-field intensity; SOI slot optical waveguide based Y-
branch coupler. 
 
Glass based double slot waveguide structure is implemented on the Y-branch coupler model. 
The slots comprising of air and slabs is of glass. E-field distribution is plotted in figure 
below: 
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Fig. 31. (a) E-field distribution; (b) E-field intensity; Double slot waveguide structure 
(comprising of air & glass) based Y-coupler. 
 
E-field intensity is found splitting into two parts, hence power introduced in the y-branch 
coupler is splitted equally in between two ports. This is very useful in forming passive 
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forming sensor mechanisms. Other than traditional SOI slot optical waveguides, low 
contrast (glass and air based) slot optical waveguides with comparable power confinement 
factor had been proposed. Later the low contrast double slot optical waveguide structure 
had been utilized in forming cantilever based sensing mechanisms. Light confinement 
inside low contrast double slot structure has been explored and found comparable to SOI 
based slot optical waveguide structure. Based on cantilever type movement of low index 
slots of proposed low contrast double slot structure a simple and easy to build 
optomechanical sensor has been proposed. Single frequency continuous wave Gaussian 
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